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@ Transparent coatings for graphics application. 



@ Tills invention relates to transparent films for use 
in graphics applications, such as, for example, visual 
transparencies for overhead projectors. 

One disadvantage of presently available inl<-re- 
ceptive layers for transparent films for pen plotters 
and ink jet printers is that their high level of sorption 
capacity leads to poor dimensional stability, which, 
in turn, leads to curling of the film whenever mois- 
ture content changes, either due to imaging, or due 
simply to changes in humidity or to drying out due 
^to the heat encountered on the stage of an overhead 
^ projector. 

Curl can be reduced by applying the same im- 
2 age receptive layer to both sides of the film, so that 
CO any expansion or contraction will be applied sym- 
^ metrically to both sides of the film. This adds to 
manufacturing cost, and stiil may not completely 
PO eliminate curl, especially in* cases where moisture 
Q content differs on opposite sides of the film. 

Accordingly, it would be desirable to provide an 
ftj ink-receptive layer for transparent films that has 
good dimensional stability. 

This invention provides a hydrophilic, polymeric 



blend which provides improved durability and re- 
duced curl when used as an image-receptive layer 
on graphic arts films. The blend comprises at least 
one water-absorbing, hydrophilic polymeric material, 
at least one hydrophobic polymeric material having 
acid functionality, and at least one polyethylene gly- 
col. The layer formed frpm the blend provides high 
sorption capacity combined with good physical in- 
tegrity even when wet. along with dimensional stabil- 
ity. 

The invention also provides sheets suitable for 
preparing visual transparencies having a backing 
bearing on at least one major surface thereof an 
image-receptive layer formed from the aforemen- 
tioned blend. 
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TRANSPARENT COATINGS FOR GRAPHICS APPLICATIONS 



Background of the Invention 



It is well'known that transparencies for use with 
overhead projectors can be produced by image- 
wise deposition of liquid ink of various colors onto 
thin, flexible, transparent polymeric substrates. 
Such Imagewise ink deposition can be performed 
by such apparatus as pen plotters and ink jet 
printers of the type normally used for applying 
images to paper. In the imaging of paper by such 
ink deposition methods, the porous nature of the 
paper is an important factor in the drying of the ink, 
as well as in the final image quality. In contrast to 
paper, however, the non-porous nature of transpar- 
ent, polymeric substrates makes depositing of Ink 
from pen plotters or ink jet printers thereon very 
difficult, with the result that poor quality images of 
low durability are formed. 

A common characteristic of inks used in pen 
plotters and ink jet printers is that they are exposed 
to open air, prior to imaging, for long periods of 
time. Yet, even after long term exposure to open 
air, the ink must function In a satisfactory manner, 
without deterioration, particularly without loss of 
solvent. In order to meet this requirement, ink for- 
mulations typically utilize solvents of very low vola- 
tility, such as water, ethylene glycol, propylene 
glycol, and other like solvents. Because of the low 
volatility of the solvents in these ink formulations, 
solvent evaporation as a mechanism for drying the 
ink after imaging is very limited. 

In the case of printing on paper by means of 
ink jet printers, images are composed of small 
dots, with the spacing between the dots being of 
such a magnitude as to allow lateral diffusion of the 
ink on the substrate to just fill areas between 
adjacent dots. In the case of printing on film by 
means of ink jet printers, the situation is quite 
different, with little or no ink spreading, and with a 
tendency toward irregular beading up of the ink 
into droplets of various sizes, with the droplet sizes 
being unrelated to the intended dot size. When 
such beading occurs, Image quality is diminished. 

Problems of Ink beading and failure to dry 
arise because most transparent films suitable for 
graphics applications, in addition to being non- 
porous, are also, in many cases, hydrophobic, Im- 
ageability of transparent, polymeric film with inks 
containing solvents of low volatility has been im- 
proved by applying hydrophllic, water absorbent, 
ink-receptive layers to transparent, polymeric film 
substrates. In addition to absorbing the low vola- 
tility solvents found in Ink formulations, these layers 
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must exhibit ink-receptivity, durability, non-tacki- 
ness, and the image quality required of commonly 
accepted graphic arts materials. 

It is desirable that water-absorbing polymeric 

5 compositions retain some degree of physical dura- 
bility, dryness to the touch, and non-tackiness even 
after absorbing significant amounts of water or 
aqueous ink, as would occur in the imaging pro- 
cess. Because polymeric materials have a strong 

10 tendency to be softened or even dissolved by the 
absorption of liquids, the absorption of significant 
quantities of liquids is inconsistent with retention of 
physical and handling properties desired in graphic 
arts materials. Attempts at resolving these appar- 

75 ently conflicting goals, while at the same time 
meeting the additional requirement of retaining 
transparency, have often involved the use of poly- 
mer blends. 

In U.S. Patent No, 4.503,111, coatings compris- 
20 ing blends of polyvinyl pyrrolidone and either poly- 
vinyl alcohol or gelatin are disclosed. The materials 
disclosed in U.S. Patent No. 4,503,111 exhibit good 
Ink-absorption when used in ink jet printers, but 
tend to be tacky in imaged areas, and at high 
25 humidity, exhibit tackiness even in non-imaged 
areas. 

Another undesirable feature of the polymer 
blends disclosed in that patent Is dimensional sen- 
sitivity to moisture content, resulting in a tendency 

30' for the film to curl when subjected to heating or 
changes in humidity. 

Polymeric blends that are less tacky and 
moisture-sensitive, but which still maintain water 
absorptivity, are disclosed in U.S. Patent Nos. 

35 4,300,820 and 4,369.229, wherein blends of hydro- 
phllic polymers with terpolymers having hydropho- 
bic and hydrophllic parts, along with acid func- 
tionalities, are disclosed. Although these patents do 
not disclose ink-receptive coatings, the polymeric 

40 blends disclosed therein have been found useful as 
water absorbent layers capable of retaining a de- 
gree of durability and non-tackiness even after ab- 
sorbing significant quantities of water. However. 
U.S. Patent Nos. 4.300,820 and 4.369.229 do not 

45 mention either graphic arts materials or the various 
properties characterizing image quality which are 
important in such materials. 

European Patent Application EP 0 233 703. 
discloses blends of acrylic polymers with polyvinyl- 

50 pyrrolidone (PVP) for use in ink-receptive layers, 
wherein compatibility between the hydrophllic PVP 
and the hydrophobic acrylic polymer is achieved 
by incorporating carboxylic acid groups into the 
acrylic polymer. It does not appear possible to 
adjust the formulations disclosed therein to simuita- 

2 _ 
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neously provide adequate drying, low tack, and 
acceptable lateral migsation of, ink in many of the 
commercially available ink jet printers. 

In addition to pre-imaging optical requirements, 
such as clarity, polymeric blends used in transpar- 
ent ink-receptive layers must also exhibit satisfac- 
tory post-imaging quality. It is desirable that the ink 
dry, tack-free, in a reasonably short time. A typical 
requirement for drying may be that the imaged 
sheet be sufficiently dry and tack-free to allow 
stacking in the time required to image the next 
sheet Additionally, considerable spreading of the 
ink dots is desirable to achieve adequate color 
density. At the same time, any spreading of ink 
dots should be adequately controlled so as to 
produce sharp, smooth lines of demarcation be- 
tween contrasting colors. It has been found that this 
combination of features is not readily attainable in a 
single formulation. For this reason, multi-layer coat- 
ings have been found useful. 

U.S. Patent Nos. 4.225.652. 4.301.195, and 
4,379,804, disclose ink-receptive materials having 
multiple layers, with the first or underiayer, being 
highly ink-absorbent, and the second, or topcoat, 
layer, being ink-permeable, while at the same time 
being quite durable, even after the application of 
ink. Because the topcoat layer need not retain any 
significant amount of ink, but merely allow ink to 
pass through to the underiayer, many of the soften- 
ing effects resulting from high levels of solvent 
retention can be avoided in the topcoat layer. Fur- 
ther, since the underiayer, which is softened by the 
absorption of ink, is protected by the topcoat layer, 
the overall image is more durable and less tacky. It 
has been found, however, that when highly water- 
absortDent materials, such as. for example, poly- 
vinyl pyrrolidone, are used for the ink-absorbent 
underiayer, the degree of softening which occurs Is 
sufficient to cause severe reduction in the durability 
of the overall imaged layer, and that topcoating is 
not sufficient to overcome this reduction In durabil- 
ity. When materials which are less susceptible to 
softening due to ink-absorption are used for the 
underiayer. the ink-absorbing ability of the system 
is likely to be unacceptably low. 

Another disadvantage of presently available 
ink-receptive layers is that their high level of sorp- 
tion capacity leads to poor dimensional stability, 
which, in turn, leads to curiing of the film whenever 
moisture content changes, either due to imaging, or 
due simply to changes in humidity or to drying out 
due to the heat encountered on the stage of the 
overhead projector. 

Curi can be reduced by applying the same 
image receptive layer to both sides of the film 
backing, so that any expansion or contraction is 
applied symmetrically to both sides of the sheet. 
This adds to manufacturing cost, and still may not 



completely eliminate curl, especially in cases 
where moisture content differs on opposite sides of 
the film. 

Other methods of imparting dimensional stabll- 

5 ity to moisture sensitive materials include chemical 
cross-linking, as is done in photographic gelatin 
coatings, and permanent swelling, as occurs when 
humectants are added to wood, paper, or other 
fibrous celtuiosic materials. It is well-known, how- 

10 ever, that chemical cross-linking reduces moisture 
absorption, and is therefore not a desirable method 
for stabilizing ink-receptive coatings. 

In the case of ink absorbing layers, however, 
the addition of humectants to provide permanent 

15 swelling due to moisture saturation is not an ac- 
ceptable means for imparting dimensional stability, 
since such saturation greatly reduces the ability of 
such a layer to absorb aqueous solvent. 

The present invention provides improved ma- 

20 terials for use in transparent ink-receptive layers. 
The improvements disclosed herein result in faster 
drying, lower tack of imaged sheets, and less curl 
of the sheets. 

25 

Summary of the Invention 



In one aspect, this invention provides composi- 

30 tions for preparing dimensionally stable, ink-recep- 
tive layers for transparent graphical materials, suit- 
able for imaging by Ink jet printers. The composi- 
tions used to fomn the ink-receptive layers com- 
prise blends of at least one water-absorbing, hydro- 

35 phllic, polymeric material, at least one hydrophobic 
polymeric material having acid functionality, and at 
least one polyethylene glycol. In another aspect, 
this invention provides transparent sheets, suitable 
for making visual transparencies, comprising a 

40 backing bearing on at least one major surface 
thereof a layer of the aforementioned ink-receptive 
composition. In a preferred embodiment, the ink- 
receptive layer is overcoated with an ink-permeable 
protective layer, which protective layer preferably 

45 contains a particulate material, e.g. starch. 

The transparent sheet of this invention exhibits 
good dry time, good tack time, good image den- 
sity, and a low level of film curl. Accordingly, the 
sheet is excellent for preparing transparencies for 

50 overhead projection by means of ink jet printers. 



Brief Description of the Drawing 

55 

The drawing is a cross-sectional view of a 
sheet suitable for visual transparencies according 
to the present invention. 
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Detailed Description of the Invention 



Referring now to the drawing, a sheet 10 suit- 
able for preparing visual transparencies comprises 5 
a backing 12 bearing on at least one major surface 
thereof an ink-receptive layer 14. In the preferred 
embodiment, an ink-permeable protective layer 16 
overlies ink-receptive layer 14. Contained in protec- 
tive layer 16 is particulate material 18. io 

Ink-receptive layer 14 comprises a polymeric 
blend having as component (a) at least one water 
absorbing, hydrophilic, polymeric material, (b) at 
least one hydrophobic polymeric material incor- 
porating acid functional groups, and (c) at least one 75 
polyethylene glycol. 

The term "hydrophilic", as used herein, is used 
to describe a material that is generally receptive to 
water, either in the sense that Its surface is wet- 
table by water or in the sense that the bulk of the 20 
material is able to absorb significant quantities of 
water. More specifically, materials that exhibit sur- 
face wettability by water are said to have hydro- 
philic surfaces, while materials that have surfaces 
not wettable by water will be said to have hy- 25 
drophobic surfaces. The term "water-absorbing hy- 
drophilic materials", as used herein, is used to 
describe materials that are capable of absorbing 
significant quantities of water, including those that 
are water-soluble. When molecular structures are so 
being discussed, monomeric units will be referred 
to as hydrophilic units if they have a water sorption 
capacity of at least one mole of water per mole of 
monomeric unit. Sorption capacities of various 
monomeric units are given, for example, in D.W, 35 
Van Krevelin, with the collaboration of P. J. 
Hoftyzer, Properties Of Polymers: Correlations With 
Chemical Structure , Elsevier Publishing Company 
(Amsterdam, London, New York: 1972) pages 294- 
296. Monomeric units will be refenred to as hy- aq 
drophobic if they form water-insoluble polymers 
capable of absorbing only small amounts of water 
when polymerized by themselves. 

In cases where the blend is to be prepared by 
forming a solution containing components (a), (b), 4S 
and (c), it is further desired that all three of compo- 
nents (a), (b). and (c) be soluble in a single solvent 
or blend of solvents. Solvents or blends of solvents 
useful for this purpose will hereinafter be called 
common solvents for the blend of components (a), so 
(b), and (c). Solutions prepared by dissolving com- 
ponents (a), (b), and (c) in a common solvent will 
hereinafter be called solution blends of compo- 
nents (a), (b), and (c). Because the compositions 
for preparing ink-receptive layer 14 are preferably 55 
applied to backing 12 as liquid coatings that are 
subsequently dried to form ink-receptive layer 1 4, it 
Is desired to fomn solution blends of components 



(a), (b), and (c). 

Component (a), the water-absorbing hydrophilic 
polymeric material of ink-receptive layer 14. com- 
prises polymerized combinations of monomeric 
units selected from the following: 

(1) vinyl lactams having the repeat group 
structure: 




c-o 



-^CHj-CH)- 



wherein n can be 2 or 3; 

(2) alkyi tertiary amino alkyi acrylates or 
methacrylates having the structure: 



I 
o 



wherein m can be 1 or 2, represents hydrogen 
or -CHa, represents hydrogen or an alkyi group 
having up to 10 carbon atoms, preferably 1 to 4 
carbon atoms, and R^ represents an alkyi group 
having up to 10 carbon atoms, preferably 1 to 4 
carbon atoms; 

(3) alkyi quaternary amino alkyi acrylates or 
methacrylates having the structure: 



I 

o 

(in, ) 



! 



R*-N*-R 



wherein p can be 1 or 2, -R\ R^, and are as 
defined above, and R* represents an alkyi group 
having up to 10 carbon atoms, preferably 1 to 4 
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carbon atoms, and X" represents a halide ion, 
R^SO*-, R3S04-. or R^SO*-; • 

(4) 2-vinylpyridine; and 

(5) 4-vinylpyridine. 

Polymerization of the foregoing monomers to 
form component (a) can be conducted by free- 
radical techniques, with time, temperature, propor- 
tions of monomeric units, and other conditions of 
polymerization adjusted to obtain the desired prop- 
erties of the final product. Component (a) can be a 
homopolymer or a copolymer. 

Component (b), the hydrophobic polymeric ma- 
terial of ink-receptive layer 14, is preferably derived 
from combinations of acrylic or other hydrophobic 
ethylenically unsaturated monomeric units 
copolymerized with monomeric units having acid 
functionality. Hydrophobic monomeric units suitable 
for preparing component (b) have the following 
characteristics: 

(i) they would form water-insoluble polymers 
if polymerized by themselves; 

(li) they contain no pendant alkyi groups 
having more than 10 carbon atoms, preferably no 
more than 4 carbon atoms; and 

(iii) they are capable of being copolymerized 
with at least one species of acid-functional mon- 
omeric unit. The hydrophobic monomeric units 
suitable for preparing component (b) are preferably 
selected from the following: 

(1) acrylates and methacrylates having the 
structure 



I 

o 



wherein R^ represents hydrogen or -CH3, and R^ 
represents an aikyi group having up to 4 carbon 
atoms, preferably 1 or 2 carbon atoms, a 
cycloaliphatic group having up to 9 carbon atoms 
in the cyclic ring, such as. for example, isobornyl. a 
substituted or unsubstituted aromatic group such 
as. for example, benzyl, and an oxygen-containing 
heterocyclic group having up to 10 carbon atoms, 
such as. for example, tetrahydrofurfuryl; 

(2) acrylonitrile; 

(3) styrene or a-methylstyrene; and 

(4) vinyl acetate. 

If R^ is an aromatic group, It preferably con- 
tains only one aromatic ring. If is a substituted 
aromatic group, the substituents are preferably al- 
kyi groups or substituted alkyI groups, preferably 
having up to four carbon atoms. Prefenred sub- 



stituents for the alkyI groups are halogens, such as. 
for example, bromine or chlorine. 

Acid functional monomeric units suitable for 
preparing component (b) are preferably selected 

5 from acrylic acid and methacryllc acid, but other 
carboxyllc acids capable of being copolymerized 
with the hydrophobic monomeric units described 
previously can also be used. When acrylic or 
methacrylic acid is used, the weight fraction of 

w these acid units in the polymer chain can range 
from about 2% to about 20%, with the weight 
fraction of hydrophobic monomeric units ranging 
from about 98% to about 80%. with the preferred 
weight fraction for the acid functional groups rang- 

75 Ing from 5% to 12%. with the preferred weight 
fraction for hydrophobic monomeric units ranging 
from 95% to 88%. 

It is preferred that the glass transition tempera- 
ture of component (b) be above about 20 *C, and 

20 that the solubility properties of component (b) be 
such that a solution blend of components (a), (b), 
and (c) can be prepared in the same solvent or 
blend of solvents. 

The polymeric materials comprising compo- 

25 nent (b) can be prepared by emulsion or solution 
polymerization of the foregoing monomers, using, 
for example, a free-radical initiator, and conven- 
tional means of extraction and drying. Component 
(b) can be a homopolymer or a copolymer. 

30 Component (c), the polyethylene glycol of ink- 
receptive layer 14, is included for the purpose of 
curi reduction. It has been found that lower molecu- 
lar weight polyethylene glycols are more effective 
than higher molecular weight polyethylene glycols 

35 for reducing curl and maintaining a low level of 
haze. For example, it was found that polyethylene 
glycol having a molecular weight of about 600 
reduces curl to an acceptable level when present In 
an amount of only about 10% of the concentration 

40 of component (a) (when coated as a solution and 
dried for two minutes at 85 *C) whereas when 
polyethylene glycol having a molecular weight of 
about 4000 is used in the same polymeric blend 
and coated and dried under the same conditions, it 

45 must be added in the amount of 20% of the 
concentration of component (a) and that this higher 
amount of high molecular weight polyethylene gly- 
col brings about noticeable haze in layer 14. Ac- 
cordingly, It is preferred that the polyethylene gly- 

50 col have a molecular weight of less than 4000. If 
the drying conditions are more severe, more poly- 
ethylene glycol may be needed to reduce curl. 

The composition for forming Ink-receptive layer 
14 can be prepared by dissolving components (a), 

55 (b), and (c) in a common solvent, in the appropriate 
proportions. Well-known methods for selecting a 
common solvent often make use of Hansen param- 
eters, which are quantities that characterize the 
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individual contributions to cohesive energy density 
made by the intermolecular dispersion forces, 
dipofe forces, and hydrogen bonding forces of a 
particular compound. Soluble solid materials tend 
to be more readily dissolved by liquids having 
Hansen parameters within a specified range of their 
own, this range being called the solubility enve- 
lope, and less readily dissolved by liquids having 
Hansen parameters outside of the solubility en- 
velope. Because of this tendency, Hansen param- 
eters can be used as a basis for selecting single 
solvents or for formulating solvent blends capable 
of dissolving a particular solid material or combina- 
tion of solid materials. 

Experimentally determined Hansen parameters 
and solubility envelopes for a variety of solid ma- 
terials, along with Hansen parameters for many 
commonly used solvents, as well as formulas for 
mathematically estimating Hansen parameters of 
materials not listed, can be found In Barton, A.F.M. 
CRC Handbook of SolubHity Parameters and Other 
Cohesion Parameters , CRC Press, Inc., (Boca Ra- 
ton: 1983), incorporated herein by reference. 

Systematic methods for utilizing Hansen pa- 
rameters to compute solvent blend formulations 
capable of dissolving particular combinations of 
solid materials in more complicated systems may 
be found in Teas. J.P.. "Solubility Parameters", 
Treatise on Coatings , R.R. Myers and J.S. Long, 
ed.. Vol. 2. Part II. Marcel Dekker (New York: 
1976). p. 413-448. incorporated herein by refer- 
ence. Because such computational methods often 
result in more than one possible solvent formula- 
tion, additional experimental evaluation may be 
needed to arrive at an optimal formulation. 

Additional constraints upon the choice of sol- 
vents may arise from practical requirements involv- 
ing coating, drying, toxicity, and other consider- 
ations, as would be expected by one of ordinary 
skill in the art. 

In the case of polymeric blends, polymers are 
generally said to be compatible if the composition 
resulting from the blending process appears homo- 
geneous, the test for and definition of homogeneity 
depending upon the intended application of the 
blend. In the case of a transparent ink-receptive 
layer comprising polymeric blends, polymers for- 
ming the blend are said to be compatible if the 
resulting layer is optically clear, with little or no 
haze. e.g. equal to or less than about 15%. as 
measured in accordance with ASTM Dl 003-61 
(Reapproved 1977) and if images printed thereon 
appear uniform, without the appearance of un- 
desirable patterns due to inhomogeneities in the 
ink-receptive layer. 

Combinations of polymeric materials that are 
compatible upon blending include those that are 
miscible in one another due to a favorable free 
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energy of mixing, as well as those which form 
association complexes, by. for example, hydrogen 
bonding between the different polymers. In these 
cases, compatibility means the absence of do- 
5 mains of differing refractive indices of sufficient 
magnitude to cause visible haze. When polymers 
having refractive indices which are of nearly equal 
value are blended, the presence of separate do- 
mains may not manifest itself as haze, because if 

10 the refractive indices of the two polymers are near- 
ly equal, the variations in refractive index due to 
inhomogeneity will be low. After imaging, however, 
the presence of separate, phase-separated do- 
mains may manifest itself by uneven edges, non- 
75 uniform lateral ink migration, or non-uniform image 
appearance in areas of solid color. 

Solution blends of components (a), (b), and (c) 
can be conveniently applied to backing by conven- 
tional coating techniques, such as a Mayer bar 

20 coating, knife coating, reverse roil coating, roto- 
gravure coating, or other suitable coating methods. 
Drying of the coated solution is preferably con- 
ducted with heated air. 

In embodiments of the present invention 

25 wherein an ink-permeable protective layer 16 is 
applied, the preferred material for layer 16 is poly- 
vinyl alcohol. Layer 16 can also include particulate 
material for the purpose of Improving handling and 
flexibility, the preferred particulate material being 

30 starch. Other materials suitable for layer 16 of this 
invention are disclosed in U.S. Patent No. 
4,225.652, U.S. Patent No, 4.301.195, and in U.S. 
Patent No. 4.379.804, all of which are incorporated 
herein by reference. 

35 The composition for forming the protective lay- 
er 16 is preferably prepared by dispersing finely 
divided polyvinyl alcohol in cold water, agitating the 
dispersion rigorously, and then gradually heating 
the dispersion by an external source or by direct 

40 injection of steam, as described, for example, in 
Monsanto Technical Bulletin No. 6082F, incorpo- 
rated herein by reference. After cooling the disper- 
sion to room temperature, particulate material 18. 
e.g. starch, can be added to the dispersion with 

45 mixing. Mixing can be conducted with a conven- 
tional propeller type power-driven mixing appara- 
tus. The prefen-ed mean particle diameter for par- 
ticulate material 18 is in the range of 5 to 25 
micrometers, provided that at (east 25% of the 

50 particles have a diameter of 15 micrometers or 
greater. The amount of particulate material 18 that 
can be present is limited by the requirement that 
the final coating be transparent, with a haze level of 
equal to or less than about 15%, as measured 

55 according to ASTM D1 003-61 (Reapproved 1977). 
Starch can be either unmodified natural starch or 
modified starch, as described in Modified Starches: 
Properties And Uses , O. B. Wurzburg. ed., CRC 

6 
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Press, Inc. (Boca Raton: 1986) provided that the 
particles remain insoluble In th^ coating solution at 
the temperatures used in the coating process. 

Additives can be incorporated into the coating 
solution for layer 16 for the purpose of improving 
coatability and other processing features. In par- 
ticular, thickeners, such as xanthan gum, can be 
added to the solution to aid in the dispersion of the 
particulate material and to improve coatability. 

Protective layer 16 can be applied in solution 
form by means of such coating methods as Mayer 
bar coating, knife coating, reverse roll coating, roto- 
gravure coating, or other suitable coating means. 
Drying of the coated solution is preferably con- 
ducted by heated air. 

Suitable materials for backing 12 are preferably 
transparent and flexible. Suitable polymeric materi- 
als include polyethylene terephthaiate (PET), cel- 
lulose acetates, polystyrene, polyethylene, poly- 
propylene, polycarbonate, and other like materials, 
with PET being preferred. It is preferred that back- 
ing be provided as a film having a caliper ranging 
from about 50 micrometers to about 125 microm- 
eters, nim backings having a caliper less than 50 
micrometers are difficult to handle in the manner 
customary for graphical materials, and film bac- 
kings having calipers over 125 micrometers are so 
stiff ttiat they present feeding difficulties in some 
commercially available Ink jet printing machines. 

In order to improve adhesion of ink-receptive 
layer 14 to backing 12, a priming layer (not shown) 
can be interposed between these two layers. It is 
preferred that the material of priming layer not be 
sensitive to water. Alternatively, a surface modifica- 
tion, such as corona treatment or plasma treatment, 
can be applied to one or both major surfaces of 
backing 12. for the purpose of improving adhesion 
of ink-receptive 14 layer to backing 12. 

Sheets 10 of the present invention are typically 
tested for the following characteristics: dry time, 
tack timer image density, and film curl. Methods of 
testing for these characteristics are described be- 
low. 



Dry Time 



An image printed by an ink jet printer may be 
considered to be dry when, upon pressing a sheet 
of bond paper against the imaged area, ink does 
not transfer to the paper. Samples for testing of the 
time required for drying (dry time) may be pre- 
pared by first preconditioning the samples to be 
tested by placing them in an environment having a 
temperature of 21 * C and 50% relative humidity for 
24 hours, then printing onto the sample, by means 
of a commercially available color ink jet printer, a 



test pattern that includes large areas of solid color 
as well as narrower lines, in all of the colors print- 
able by the printer. A suitable test for dry time may 
then be performed by placing the imaged sample 

5 on a flat surface large enough to completely sup- 
port it, placing a 0.5 inch wide strip of bond paper 
in contact with the area to be tested, such that the 
paper contacts areas containing ail of the colors 
printed by the printer, and pressing the strip into 

10 intimate contact with the imaged sheet by means 
of a rubber roller having a width of about 6 inches, 
a diameter of about 2 inches, a Shore hardness of 
about 50 on the durometer A scale, and weight of 
about 600 to 700 grams. After one pass of the roll. 

76 the strip of paper is removed and examined for ink 
transfer. If no ink has transferred to the paper, the 
image is considered to be dry. If ink transfer to the 
paper is detected, the test is repeated 60 seconds 
later, and at subsequent 60 second intervals until 

20 no transfer Is detected. Dry time is reported as the 
total time interval after imaging at which no ink 
transfer to the paper is detected, if ink transfer is 
still detected 5 minutes after imaging, the test may 
be terminated and the dry time simply reported as 

25 greater than 5 minutes, ance dry times of more 
than 5 minutes are unacceptable. 
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Tack Time 



Tack time, as used herein, Is a measure of the 
time required for the image to dry to a point where 
unprimed polyethylene terephthaiate (PET) film. 

35 upon being pressed against the imaged area, will 
no longer adhere to it. It has been found that the 
test for tack time may be applied to the sample 
prepared and tested for dry time described 
hereinabove. After dry time has been determined, a 

40 strip of 100 micrometer caliper unprimed PET film 
having dimensions of 3 inch X 9 inch is placed in 
contact with the imaged surface. The PET strip Is 
pj^essed into intimate contact with the film by 
means of the roller described previously. If the 

45 resulting adhesion of the test strip to the image 
surface is sufficiently low to allow the test strip to 
be lifted from the imaged sheet without having to 
physically hold down the imaged sheet, the tack is 
considered to be acceptably low. The tack test is 

50 perfonmed at regular time intervals after completion 
of the dry time test, and tack time is reported as 
the total time interval from the time of imaging to 
the time at which tack becomes acceptably low. 
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Image Density 



7 



BNSDOCID: <EP_0365307A2_I_> 



13 



EP 0 365 307 A2 14 



Image density can be measured by means of 
the Macbeth TD 903 densitometer, or equivalent 
Instrument, using the status A filters, as is common 
practice when testing color positive films. Samples 
may be prepared for testing by first preconditioning 
at 21 ' C and 50% relative humidity for 24 hours, 
then imaging solid areas of cyan, magenta, yellow, 
and black. Densities are measured using the green 
filter for the magenta area, the red filter for the 
cyan area, the blue filter for the yellow area, and 
the red filter for the black area, according to the 
procedure given in the instructions accompanying 
the densitometer. Because image density has been 
found to change with time, densitometer readings 
are normally taken at times of 10 minutes, 30 
minutes, and 24 hours after imaging. 



Rim Curl 



Film curl is commonly measured by preparing 
a sample of the film to be tested having dimen- 
sions of 8.5 inch XII inch and placing this sample 
upon a flat surface of a size sufficiently large to 
completely support the film sample, in such a way 
that when curl occurs, the edges of the film lift up. 
Curl, measured in millimeters, is then defined to be 
the maximum height above the flat surface reached 
by any point along the periphery of the film as a 
result of curling. This test is commonly run at 
21 ' C and a relative humidity of 50%. 

Other aspects of Image quality may be evalu- 
ated by printing appropriate test patterns on the 
sample sheet being tested and judging such prop- 
erties as image uniformity, bleeding of one color 
into a sharply defined area of another color, finger- 
printing, and marking or blemishing produced by 
the imaging process itself or by the normal han- 
dling encountered in the use of graphic materials. 
Such judgments can be made by direct viewing or 
by viewing in a projection mode, by means, for 
example, of an overhead projector. 

The following, non-limiting examples further il- 
lustrate the present invention. 



Example 1 



Component (b), the hydrophobic polymeric ma- 
terial for ink-receptive layer 14, was prepared by 
combining 91 parts by weight of methyl 
methacrylate, 9 parts by weight of acrylic acid, 
0.15 part by weight of azo-isobutyronitrite ("Vazo", 
available from E. 1. DuPont de Nemours & Com- 
pany), and 200 parts by weight of ethyl acetate in a 
one-pint brown bottle. The mixture was purged with 



dry nitrogen gas for five minutes and then im- 
mersed in a constant temperature bath maintained 
at 60 *C for 18 to 24 hours. The resulting methyl 
methacrylate/acrylic acid copolymer was coagulat- 

5 ed in methanol, filtered, and dried in a vacuum 
oven at 50* C for 18 hours. Comparison of the final 
polymer weight with the weight of the starting ma- 
terials showed a yield of better than 97%. 

A coating solution for the preparation of ink- 

70 receptive layer 14 was prepared by combining 270 
parts by weight of ethanol and 630 parts by weight 
of ethyl acetate, to which was added, with agitation 
at room temperature, 65 parts by weight of compo- 
nent (a), i.e. poly-N-vinyl pyrrolidone (K90, avail- 

75 able from GAP Chemicals Corporation), 6.25 parts 
by weight of component (c). i.e. polyethylene gly- 
col ("Carbowax 600", available from Union Carbide 
Corporation), and 28.15 parts of component (b), 
prepared as described previously. Agitation was 

20 continued until a clear solution was obtained. 

A layer of this solution having 75 micrometer 
wet thickness was coated onto a sheet of poly- 
vinylidene chloride primed polyethylene tereph- 
thalate ("Scotchpar", available from Minnesota Min- 

25 ing and Manufacturing Company) having a caliper 
of 100 micrometers by means of a knife coater. 
Drying of the layer was conducted by means of 
heated air at a temperature of 85* C for two min- 
utes. Samples of coated film having dimensions 8.5 

30 inches X 11 inches were cut from this sheet and 
conditioned at 21 C and 50% relative humidity for 
24 hours. 

The conditioned sheets were imaged with a 
Hewlett-Packard PaintJet ink jet printer, using the 

35 standard cyan, magenta, yellow, and black ink sup- 
plied therewith, and the image evaluation test pat- 
tern described previously. The imaged sheets were 
tested for dry time, tack time, image density, film 
curl, fingerprinting, image uniformity, and image 

40 bleed. Rim curl was found to be zero, and drying 
was nearly complete after 60 seconds. However, 
the imaged sheet remained tacky even after 24 
hours, and was easily fingerprinted. Image density 
was within the acceptable range, and image uni- 

45 formity was excellent. 



Comparative Example A 

50 

A coating solution for the preparation of ink- 
receptive layer 14 was prepared as in Example 1, 
but without polyethylene glycol. A sample of coat- 
ed film was prepared with this polyethylene glycol- 
55 free coating solution, according to the procedure of 
Example 1. Measurement of film curi showed the 
highest point on the film to be elevated 15 millime- 
ters above the flat surface. This was considered to 
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be a very severe curl and the film would not be 
acceptable for use as* a ' visual transparency for 
overhead projection. This comparative example il- 
lustrates the effectiveness of polyethylene glycol in 
the prevention of curl in coated films. 



Example 2 



A coating solution for protective layer 16 for a 
visual transparency according to the present inven- 
tion was prepared by dispersing 2.9 parts by 
weight of polyvinyl alcohol ("VInol 540". available 
from Air Products and Chemicals) in about 40.0 
parts by weight of room temperature deionlzed 
water, and then bubbling steam through this mix- 
ture until a clear solution was obtained. Additional 
room temperature deionized water as needed was 
then added to the solution to bring the total water 
content up to 65.8 parts by weight. This solution 
was further diluted by the addition of 30.8 parts by 
weight of ethanol. Rnally, 0.15 part by weight of 
xanthan gum thickener ("Keltrol TF", available from 
Keico Division of Merck and Company) and 0.40 
part by weight of cationic starch ("Lok Size 30", 
available from A. E. Staley Manufacturing Com- 
pany) were added and mixed until the xanthan gum 
was dissolved and the starcin was uniformly dis- 
persed. 

This solution was applied over ink-receptive 
layer 14 of sheet 10 prepared according to Exam- 
ple 1, so as to form an ink-permeable protective 
•layer 16 over ink-receptive layer 14 formed accord- 
ing to Example 1. Application of protective layer 16 
was carried out by means of a knife coater, ad- 
justed so as to apply the coating at a rate sufficient 
to result in a coating weight, after drying, of 0.05 to 
0.07 gram per square foot. Drying was ^carried out 
by heated air at a temperature of 85 *C for two 
minutes. Samples were prepared for evaluation by 
cutting the coated film into sheets having dimen- 
sions of 8.5 inches X 11 inches and conditioning 
these sheets at 21 * C and 50% relative humidity 
for 24 hours. 

The conditioned sheets were imaged using a 
Hewlett-Packard Palntjet ink jet printer, using the 
image evaluation test pattern described previously, 
and tested in the manner described in Example 1 . 
Dry time and tack time were both 60 seconds, 
which was considered to be excellent. Slight finger- 
printing was noted, but was considered to be within 
acceptable limits. Image density, image uniformity, 
and Image bleeding were found to be within ac- 
ceptable limits. 

Various modifications and alterations of this 
invention will become apparent to those skilled in 
tlie art without departing from the scope and spirit 
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Of this invention and it should be understood that 
this invention Is not to be unduly limited to the 
illustrative embodiments set forth herein. 



Claims 

1, A transparent composition comprising a 
blend of (a) at least one water-absorbing, hydro- 
philic, polymeric material, (b) at least one hydro- 
phobic polymeric material having acid functionality, 
and (c) at least one polyethylene glycol, said com- 
position having a haze value equal to or less than 
about 15%, as measured in accordance with ASTM 
D1003 61 (Reapproved 1977). 

2. The composition of Claim 1 wherein said 
water absorbing polymeric material is derived from 
monomeric units selected from the group consist- 
ing of: 

(1) vinyl lactams having the structure 



I I 
CH, ^C-O 

N 



I 

-f CH, -CH-J- 



wherein n can be 2 or 3; 

(2) alkyi tertiary amino alkyi acryiates having 
the structure 



O 



(in,). 



wherein m can be 1 or 2, represents hydrogen 
or -CH3. R^ represents hydrogen or an alkyi group 
having up to 10 carbon atoms, and represents 
an alkyi group having up to 10 carbon atoms; 

(3) alkyi quaternary alkyi acryiates having 
the structure 
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(iH- )^ 



wherein p can be 1 or 2, R\ R^, and are as 
defined above. R* represents an alky! group having 
up to 1 0 carbon atonns. and X' represents a haiide 
Ion, R2S0*-, R3S0*- or R^SO*-; 

(4) 2-vinyfpyridlne: and 

(5) 4-vinylpyrldine. 

3. The composition of Claim 2 wherein R2 
represents hydrogen or an alkyi group having up to 
4 carbon atoms. 

4. The composition of Claim 2 wherein R^ 
represents an alky! group having up to 4 carbon 
atoms. 

5. The composition according to Claim 2 
wherein R* represents an alkyI group having up to 
4 carbon atoms. 

6. The composition of Claim 1 wherein said 
hydrophobic monomeric units are selected from 
the group consisting of 

(1) acrylates and methacrylates having the 
structure 



fO 



IS 
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25 
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9. The composition of Claim 6 wherein R^ 
represents a benzyl group. 

10. The composition of Claim 6 wherein R^ 
represents a tetrahydrofurfuryl groups. 

11. The composition of Claim 1 wherein said at 
least one hydrophobic polymeric material having 
acid functionality is a copolymer prepared from 
hydrophobic monomeric units and acrylic acid or 
methacryllc acid monomeric units, said acid mon- 
omeric units comprising from about 2% by weight 
to about 20% by weight of said copolymer. 

12. The composition of Claim 1 wherein said at 
least one hydrophobic polymeric material having 
acid functlonaitty is a copolymer prepared from 
hydrophobic monomeric units and acrylic acid or 
methacrylic acid monomeric units, said acid mon- 
omeric units comprising from about 5% by weight 
to about 12% by weight of said copolymer. 

13. The composition of Claim 1 wherein said 
polyethylene glycol has a molecular weight of less 
than 4000. . 

14. A transparent sheet comprising a thin, 
transparent backing bearing on at least one major 
surface thereof an ink-receptive layer comprising 
the composition of Claim 1 . 

15. The transparent sheet of Claim 14 wherein 
overiying said ink-receptive layer is an ink-per- 
meable protective layer. 

16. The transparent sheet of Claim 15 wherein 
said protective layer contains particulate material. 

17. The transparent sheet of Claim 15 wherein 
said particulate material is starch. 
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wherein R^ represents hydrogen or -CH3, and R^ 
represents an alkyI group having up to 4 carbon 
atoms, a cycloaliphatic group having up to 9 car- 45 
bon atoms in the cyclic ring, a substituted or un- 
substituted aromatic group, and an oxygen-contain- 
ing heterocyclic group having up to 10 carbon 
atoms; 

(2) acrylonitrile; so 

(3) styrene; 

(4) ormethylstyrene; and 

(5) vinyl acetate. 

7. The composition of Claim 6 wherein R^ 
represents an alkyI group having 1 or 2 carbon 55 
atoms. 

8. The composition of Claim 6 wherein R^ 
represents an isobornyl group. 
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@ This invention relates to transparent films for use 
in graphics applications, such as, for example, visual 
transparencies for overhead projectors. 

One disadvantage of presently available ink-re- 
ceptive layers for transparent films for pen plotters 
and ink jet printers is that their high level of sorption 
capacity leads to poor dimensional stability, which, 
in turn, leads to curling of the film whenever mois- 
ture content changes, either due to imaging, or due 
simply to changes in humidity or to drying out due 
to the heat encountered on the stage of an overhead 
projector. 

Cur! can be reduced by applying the same im- 
age receptive layer to both sides of the film, so that 
any expansion or contraction will be applied sym- 
metrically to both sides of the film. This adds to 
manufacturing cost, and still may not completely 
eliminate curl, especially in cases where moisture 
content differs on opposite sides of the film. 

Accordingly, it would be desirable to provide an 
Ink-receptive layer for transparent films that has 
good dimensional stability. 

This invention provides a hydrophilic, polymeric 



blend which provides improved durability and re- 
duced curl when used as an image-receptive layer 
on graphic arts films. The blend comprises at least 
one water-absorbing, hydrophilic polymeric material, 
at least one hydrophobic polymeric material having 
acid functionality, and at least one polyethylene gly- 
col. The layer formed from the blend provides high 
sorption capacity combined with good physical in- 
tegrity even when wet. along with dimensional stabil- 
ity. 

The invention also provides sheets suitable for 
preparing visual transparencies having a backing 
bearing on at least one major surface thereof an 
image-receptive layer formed from the aforemen- 
tioned blend. 
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